Abstract. Sonically disrupted chick embryo cells markedly stimulate DNA synthesis and cell multiplication "hen added to the medium of population density-inhibited cultures of such cells, but have little effect on the growth rate of sparse cultures. Sonicates from density-inhibited chick embryo cultures have as much overgrowth-stimulating activity as do sonicates from actively growing cells. Sonicates from cells infected with Rous sarcoma virus show markedly increased overgrowth-stimulating activity 4 days after infection. The activity in Rous-cell sonicates falls back to near normal amounts at 6 days concurrently with the appearance of a high content of overgrowth-stimulating activity in the medium. The active material is nondialyzable. It seems that growth-inhibited cells contain material in a sequestered location which, when released, can stimulate rapid growth in similarly inhibited cells.
Chick embryo cells in culture multiply more slowly at high than at low population densities.1 After transformation by infection with Rous sarcoma virus (RSV), however, their growth rate is independent of population density. ' Several days after the morphological transformation of cells with the Bryan strain of RSV has occurred, the cells release a substance into the medium which stimulates dense populations of normal chick embryo cells to grow at a rapid rate.2 This substance is not required to support the growth of sparse populations of normal cells, nor does it increase their growth rate. Since the substance only overcomes the self-inhibition of cells imposed by high population densities, it was named overgrowth-stimulating factor (OSF).
Material with much the same effect on cell growth as OSF was found within both normal and transformed cells by disrupting them and adding their contents to the overlay of dense cultures.2 This report is a description of the relative overgrowth-stimulating activity detected in extracts from normal cells growing at different rates, and from transformed cells on successive days after infection.
Material and Methods. Cell culture: Primary cultures were prepared in 100-mm plastic Petri dishes from the body of 10-day-old chick embryos as described by Rein and Rubin,' in medium 199 to which was added 2% tryptose phosphate broth, 1% calf serum, and l% chicken serum and which was therefore designated "199(2-1-1)". Secondary cultures were prepared by trypsinizing primary cultures and seeding 1 X 106 cells in medium of the same composition.
Assay for overgrowth-stimulating activity: Cells were trypsinized and seeded at 1 X 106 cells per 60-mm plastic Petri dish in 199(2-0-2). They were incubated at 380C for 2 days and grew to full confluency. The medium was then removed, and fresh 199 (2-0-2) containing 0.4% Bacto-Difco agar plus the material to be tested was added to the cultures. At 18 hr the agar was removed and [methyl-3H]thymidine ([3H]dT, 5 mCi/ 0.055 mg, New England Nuclear Corp.) was added at 0.2 piCi/ml in 2.5 ml of medium 199 for 1 hr. Cells were then washed three times with Tris-saline buffer and the acidsoluble fraction was extracted with 5% cold trichloroacetic acid for 5 min. Cellular DNA was hydrolyzed in 10% trichloroacetic acid at 68CC for 2 hr. A 1-ml sample was added to 12 ml of scintillation fluid made from 10 g of Omnifluor in 2 liters of toluene and 1 liter of Triton X-100, and counted in a liquid scintillation counter.
Autoradiography: Nuclei were labeled for autoradiography by the procedure of Gurney.4 Mitoses were counted after 5 hr of 5 X 108 M colcemide treatment and staining with Harris's hematoxylin.2 Total cells were counted in a Coulter counter.
Sonication of cells: Cells to be disrupted were washed with Tris-saline buffer, scraped from the Petri dish and sedimented in a clinical centrifuge. They were resuspended in 2-ml volumes of Tris-saline buffer and sonicated at about 40C for 5 min in a Raytheon sonic oscillator at 250 W and 10 KHz. Cells were examined microscopically to confirm disruption and diluted with 1% sodium dodecyl sulfate in water and the absorbancies at 260 nm and 280 nm were determined. One A2s0 unit represented about 3 X 106 cells and 1-2 mg of protein as determined by the Lowry technique.
Estimates of the relative overgrowth-stimulating activities of sonicates were based on comparison of the amounts of A280 absorbing material which produced equivalent stimulation of [3H]dT incorporation in the assay for overgrowth-stimulating activity.
Overgrowth-stimulating factor (OSF): This term refers to the active principle of medium obtained from RSV-infected cells which is capable, even after high dilution, of stimulating DNA synthesis in density-inhibited, agar-overlaid cultures.2 It is made by infecting chick embryo cells with the Bryan strain of RSV in 199(2-1-1). Tryptose phosphate broth is added at 1 day to a concentration of 7% and at 2 days to 12%, and glucose is added at 1 day to 3 g/liter. NaHCO3 is added as needed to maintain the pH about 7.5. The medium is changed at 3 days to 199(5-0-2) with added glucose and harvested after 3 more days of incubation.
Results. Effect of chick embryo cell sonicates on the growth rate of crowded normal cells Various amounts of extracts obtained by sonicating cells from crowded normal cultures were added to fresh medium in the overlays of sparse and dense cultures of normal chick embryo cells. The extracts had no effect on [3H ]dT incorporation into the DNA of rapidly-growing sparse populations of cells (Fig. 1) Overgrowth-stimulating activity in sonicates of quiescent and stimulated cells: OSF was added to the fluid medium of quiescent dense cultures to stimulate growth. After 7.5 hr the rates of [3H]dT incorporation into treated and untreated cultures were determined. The cells were scraped off the remaining dishes, sonicated, and tested for overgrowth-stimulating activity. There was an increase in the absorbancy at 280 nm per cell of OSF-treated samples at 7.5 hr, and in the rate of [3H ]dT incorporation (Table 3) . These changes were ac- (Table 4) . The overgrowth-stimulating activity of the infected cultures, however, was only about 1.5 times as great as that of the uninfected cultures (Fig. 3) . At 4 days the [3H ]dT incorporation was only fractionally higher in the infected cells than in the uninfected cells (Table 4) , but the overgrowth-stimulating activity was about 5 times as great. At 6 days, [3H]dT incorporation had dropped 10-fold in the infected cells, probably as a result of medium depletion and rapid acidification of the medium by the transformed cells. The overgrowth-stimulating activity in sonicates of the infected cells had also been reduced to a level about equal to that of the uninfected cells. However, the medium of the infected cultures was for the first time found to be active in stimulating cellular overgrowth while that of the uninfected cultures remained inactive. The total overgrowth-stimulating activity present in the medium of one infected culture at 6 days was 10 times as high as that of the cells in that culture. The decreased yield of activity from sonicates of infected cells between the 4th and 6th day, and the concurrent appearance of activity in the medium of these cultures, suggests that activity in the medium originates by leakage from the cells.
Properties of the overgrowth-stimulating activity from cell sonicates: The active factor of the sonicates was not sedimented by centrifugation at 75,000 X g for 1 hr, and was completely retained by dialysis tubing (see Fig. 3 Overgrowth stimulation by sonicates of resting and OSF-stimulated cells. 1 X 106 cells were seeded and grown for 2 days in 199(2-0-2) to high-density cultures. At this time, 0.2 ml of OSF was added to the medium of half the cultures and they were incubated for 7.5. hr. The rates of [3H]dT incorporation into treated and untreated cultures were determined (see Table 3 ). The ments show that the extracts provide nothing that the density-inhibited cells do not already have, since density-inhibited cells can themselves serve as the source of the overgrowth-stimulating material for sister cultures. Indeed, they provide almost as rich a source of such material as do cells which have been stimulated to active growth either by addition of OSF or by infection with RSV. It appears therefore that the active material is sequestered in the density-inhibited cells, and can produce its effect only when applied to an active site.
The amount of material from disrupted cells that is required to stimulate a density-inhibited culture is equal to only a fraction of the contents of that culture. For example, if the equivalent of one-fifth the disrupted content of a culture is added per milliliter of overlay to a sister culture, there will be about a 2-fold increase of [3H]dT incorporation by 18 hr, and this will be sustained for at least another day. If the concentration of sonicate is increased 5-fold, stimulation can increase as much as 10-fold and sometimes higher. This raises the possibility that the death and autolysis of cells, which is a perpetual occurrence in the intact animal, provides an automatic replacement stimulus to neighboring cells. This could be a factor in maintaining size constancy of tissues and organs. Occasional instances of cell death in culture could also cause the late surges in DNA synthesis which we commonly encounter among density-inhibited cells.
It seems likely that there are less drastic ways of displacing the sequestered overgrowth-stimulating material in the cell to an active site than killing a cell. If the material is set off from the rest of the cell by membranes, agents such as certain hormones6 that increase membrane permeability could stimulate cellular overgrowth.
Since proteases are known to exert an overgrowth-stimulating effect'27 and since these enzymes are found in lysosomes,8 the latter should be considered as possible sequestering sites for overgrowth-stimulating material in cells. The number of lysosomes increases9 and they become leaky'0 after infection and transformation by tumor viruses. The overall permeability of tumor cells also seems grossly disturbed, since they take up plasma proteins at a much faster rate than do normal cells." These observations suggest the possibility that the leaky lysosomes provide a continuing stimulus to cell multiplication in tumors. A similar suggestion has been made by Allison,'2 but he emphasizes action of the released lysosomal enzymes on chromosomes and the cell's genome to produce genetic defects which would be expressed at a later time. The evidence presented here indicates an immediate and uniform effect on the whole population of'cells and suggests direct physiological intervention in the growth-regulating processes of the cell. There is reason to believe that these processes are mediated by changing the permeability of the cell surface membrane.' Since the overgrowthstimulating activities described here are associated with macromolecular substances, unlikely to penetrate to the cell's interior, we find it plausible to postulate that any growth stimulus provided by lysosomal leakage arises from effects on the surface membrane svstem of the cell.
If the overgrowth-stimulating material derived from cell extracts plays any role in promoting growth in the intact cell, the results indicate that it does so by changing either its site or its state within the cell rather than by simply increasing in quantity. Increases in quantity do occur in RSV-infected cells, but they become marked only 4 days after infection, which is at least 2 days after the cells have escaped from density-dependent inhibition.' However, the increase in cell-associated overgrowth-stimulating activity in Rous sarcoma cells precedes by several days the massive release of OSF into the medium, and raises the question of whether the intracellular increase is a prerequisite for the release of OSF. It also poses the problem of the relationship between the intracellular and extracellular material. For the present all that can be said in this regard is that both are nondialyzable. Results 
